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INTRODUCTION 

Methods f o r  t h e  separa t i on  and chemical  c h a r a c t e r i z a t i o n  o f  t he  p re -  
asphal tene components i n  l i g n i t e  l i q u e f a c t i o n  produc ts  has been under- 
s tud ied  by o u r  group f o r  severa l  yea rs .  Preasphal tenes f o r  purposes o f  
t h i s  study a r e  d e f i n e d  as t h a t  p o r t i o n  o f  a l i g n i t e  d e r i v e d  produc t  which 
i s  s o l u b l e  i n  t e t r a h y d r o f u r a n  b u t  i n s o l u b l e  i n  to luene.  
s tud ied  would f a l l  i n t o  t h e  seventh and e i g h t h  f r a c t i o n s  o f  t h e  sequent ia l  
e l u t i o n  by s o l v e n t  chroniatography (SESC) procedure developed by Farcas iu  
(1  ) .  F u r t h e r  e l u t i o n  chromatography o f  t h e  t e t r a h y d r o f u r a n  preasphal tene 
f r a c t i o n  on s i l i c a  o r  a lumnia  d i d  n o t  appear t o  be j u s t i f i e d  i n  view o f  
t h e  h i g h l y  p o l a r  n a t u r e  o f  t h e  f r a c t i o n s .  
was chromatographed f o r  s i z e  separa t i on  us ing  Bio-Beads S - X 3  columns and 
p y r i d i n e  as t h e  e l u e n t  ( 2 ) .  
n i t r o g e n  and oxygen were then  mon i to red  i n  t h e  mo lecu la r  s i z e  f r a c t i o n s  
formed a t  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s .  The s tudy  shows the  s t r u c t u r e  
and d i s t r i b u t i o n  o f  oxygen i s  t h e  most impor tan t  parameter. Work o f  o u r  
group has cen te red  on  t h e  development o f  procedures o f  t h e  q u a n t i t a t i o n  
o f  oxygen f u n c t i o n a l i t y  i n  t h i s  m a t e r i a l .  For  t h i s  r e p o r t  we a re  on ly  
a b l e  t o  i d e n t i f y  t h e  amount o f  pheno l i c  hydroxy l  groups p resen t .  Work 
i s  c o n t i n u i n g  on the development o f  a number o f  q u a n t i t a t i v e  e t h e r  
c leavage r e a c t i o n s  ( 3 ) .  

The preasphal tenes 

The preaspha l tene f r a c t i o n  

The d i s t r i b u t i o n  and f u n c t i o n a l i t y  o f  

EXPERIMENTAL 

M a t e r i a l s .  

So lvent  r e f i n e d  l i g n i t e  (SRL) was produced a t  404", 460" and 480"C, 
26.2 MPa (3850 p s i )  f r o m  Beulah 3 N o r t h  Dakota L i g n i t e .  
used was a 1 : l  mol m i x t u r e  o f  carbon monoxide and hydrogen. The SRL was 
produced i n  a 5 - l b  c o a l / h r  cont inuous process u n i t  a t  t h e  Grand Forks 
Energy Technology Center  (GFETC) us ing  anthracene o i l  and 7% w t  t e t r a l i n  
as t h e  donor s o l v e n t  i n  s i n g l e  pass t e s t s  i n  a c o n t i n u o u s - s t i r r e d  tank 
r e a c t o r  ( 4 ) .  The preaspha l tene f r a c t i o n  was recovered f rom t h e  to luene 
i n s o l u b l e  p o r t i o n  o f  an SRL u s i n g  t e t r a h y d r o f u r a n  as t h e  s o l v e n t  i n  a Sox- 
h l e t  e x t r a c t o r .  Te t rahyd ro fu ran  was chosen t o  d e f i n e  t h e  s o l u b i l i t y  o f  
p reaspha l tenes  i n  p l a c e  o f  p y r i d i n e  so t h a t  t h e  r e s u l t s  cou ld  be c o r r e l a t e d  
..l..ll u y c u  v y c u I I I G u  u u r  L~~~ I ~ ( ~ u e i d ~ i i u f ~  r u n 5  a i  6 F E T C  ( 4 ) .  s tandard  
compounds used t o  c a l i b r a t e  t h e  GPC and t o  a c e t y l a t e  t h e  SRL were ob ta ined 
from comniercial sources .  

The reduc ing  gas 

,.,i+h rl-4.- ,.h+-:-,.A -I :-- LL.. 7 :  
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Prepara t ive  ScaleLPL. 

Prepara t ive  sca l e  G P C  separa t ions  were car r ied  o u t  with a 22 inn i . d .  
X 1 m g l a s s  column packed with Bio-Rad, S X - 3 ,  Bio-Beads (200-400 mesh, 3% 
cross  1 inked, styrene-divinyl benzene). The preasphal tene was ace ty l a t ed  
by reaction with a c e t i c  anhydride in pyridine f o r  24 hr a t  25°C. We 
f o u n d  the  t o t a l  preasphaltene sample t o  be so luble  in  chloroform. Upon 
attempting t o  use t h i s  solvent with l g  of sample we found t h a t  some 
p rec ip i t a t ion  occured on t h e  G P C  column during separa t ion .  The e lu t ion  
so lvent  was changed t o  pyridine.  About one gram of sample dissolved i n  
5 ml of so lvent  was charged t o  t h e  column. A flow r a t e  of 1 .5  ml/min was 
maintained by a constant head devise .  Fractions were co l lec ted  every 5 ml 
which were then s t r ipped  of so lvent  i n  a r o t a r y  evaporator,  added t o  3-5 in1 
of benzene and f r e e  dried t o  remove the  l a s t  t r aces  of  pyridine.  The l a s t  
t r aces  of benzene were removed by drying in  a n  abderhalden apparatus a t  
80°C under vacuum. 

Analyses. 

Elemental analyses were performed by S p a n g  Microanalytical Laboratory, 
Molecular weights were determined a t  our labora tory  with Eagle Harbor, MI .  

a Wescan Vapor Pressure Osmometer. Molecular weights were measured over a 
range of 0.1 t o  4 g / k g  using the solvent pyridine.  Several f r ac t ions  were 
run a t  t h ree  d i f f e r e n t  concentrations fo r  ex t rapola t ion  t o  i n f i n i t e  d i l u t i o n .  
No evidence f o r  intermolecular assoc ia t ion  i n  pyridine was noted so s ing le  
point analyses were measured because of the  l a rge  number of f r ac t ions  to  be 
analyzed. 

Samples were dissolved in  d -pyridine containing a known amount o f  s - t r ioxane  
a s  an in t e rna l  standard.  Csrrection f o r  residual pyr id ine  protons was based 
on the standard versus residual pyridine in tegra t ion .  Generally, seven in t e -  
gra t ions  were r u n  and averaged. The data was analyzed using modified Brown- 
Ladner equations ( 5 ) .  

hydride in  pyridine under argon. 
weighed in  coinbustocones (Packard Instrument CO, Downers Grove, I L L . )  and 
then oxidized in  a Packard Model 306 automatic sample oxid izer  f o r  sub- 
sequent l i q u i d  s c i n t i l l a t i o n  measurement. The counting was ca r r i ed  out  i n  
a Packard model 3375 l i qu id  s c i n t i l l a t i o n  spectronieter. When SRL was 
allowed t o  r eac t  a t  room temperature f o r  24 hr only the  hydroxyl and amine 
s i t e s  a r e  de r iva t i zed .  I f  the ace ty l a t ion  i s  car r ied  out a re f lux  temper- 
a t u r e  (115°C) some aroiriatic carbon ace ty l a t ion  r e s u l t s  ( 6 ) .  

P r o t o n  N M R  spec t ra  were obtained o n  a Varian EM-390 Spectrometer. 

14 All samples of preasphaltenes were ace ty la ted  with 1 -  C a ce t i c  an- 
The samples of ace ty la ted  SRL were 

RESULTS AND DISCUSSION 

Molecular _Weight Oi s t r ibu t io r l  

Seven t o  e igh t  fractioris each of  f i v e  in1 were co l lec ted  f o r  each GPC 
run. The f r ac t ion  of t o t a l  weight recovered from the or ig ina l  weight of 
material  i s  reported i n  Table 1 .  Two solvent refined coal preasphaltene 
samples a r e  added t o  the  t ab le  from comparison with the  1 i g n i t e  derived 
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m a t e r i a l .  
mo lecu la r  we igh ts  w i t h  i nc reased  r e a c t i o n  tempera ture  f o r  t he  l i g n i t e  
p reaspha l tenes .  The coa l  d e r i v e d  preasphal tenes have much h i g h e r  mole- 
c u l a r  we igh ts .  
t h e  400°, 460°, and 480°C l i g n i t e  de r i ved  produc ts .  
i nc rease  f o r  t h e  480°C m a t e r i a l  i s  an i n d i c a t i o n  t h e  ex ten t  o f  recombin- 
a t i o n  t h a t  occurs  a t  t h e  h i g h  temperature.  The f a c t  t h a t  t h e  4OOOC m a t e r i a l  
has s i m i l a r  Mn va lues  as t h e  460°C may occu r  because h ighe r  mo lecu la r  we igh t  
p o r t i o n s  may l i e  i n  t h e  t e t r a h y d r o f u r a n  i n s o l u b l e  p o r t i o n  which i s  35% w t  
o f  t h e  o r i g i n a l  l i g n i t e  a t  400°C as compared t o  15% w t  a t  460°C. 

The average i i io lecu la r  we igh t  d i s t r i b u t i o n  goes t o  h ighe r  

The l i g n i t e  preasphal tenes were 38, 25 and 21% w t ,  maf o f  
The mo lecu la r  we igh t  

N i t rogen  and S u l f u r  D i s t r i b u t i o n  

Table 1 shows t h a t  t h e  d i s t r i b u t i o n  o f  n i t r o g e n  and s u l f u r  i s  spread 
even ly  th roughout  t h e  f r a c t i o n s .  The d i s t r i b u t i o n  o f  n i t r o g e n  and s u l -  

Both o f  t he  above f a c t s  would be c o n s i s t e n t  w i t h  
f u r  i s  o n l y  s l i g h t l y  reduced w i t h  inc reased temperature f o r  t h e  l i g n i t e  
p reaspha l tene samples. 
t h e  n i t r o g e n  and s u l f u r  be ing  p resen t  i n  r i n g  systems such as carbazoles,  
p y r i d i n e s ,  and th iophenes.  Nonaqueous t i t r a t i o n  da ta  shows t h a t  app rox i -  
m a t e l y  50% o f  t h e  n i t r o g e n  i s  p resen t  as bas i c  n i t r o g e n  ( 7 ) .  

Oxygen D i s t r i b u t i o n  

The hyd roxy l  c o n t e n t s  were determined by carbon-14 coun t ing  o f  t h e  
l a b e l e d  a c e t a t e  added by t h e  a c e t y l a t i o n  process. 
t h a t  t h e r e  a re  few a l c o h o l i c  hydroxy l  o r  amine s i t e s  p resent  i n  these 
t y p e  o f  samples ( 6 ) .  
a c e t y l a t i o n  c o n d i t i o n s  used ( 6 ) .  
i s  due t o  p h e n o l i c  hyd roxy l  s i t e s  and f o r  purposes o f  t h i s  s tudy  was 
assumed 100%. The t o t a l  oxygen con ten t  o f  each f r a c t i o n  was determined by 
d i f f e r e n c e  w i t h  t h e  carbon, hydrogen, n i t r o g e n  and s u l f u r  analyses. I n  t h e  
p a s t  we have checked t h e  v a l i d i t y  of  t h i s  assumption by comparison o f  neu- 
t r o n  a c t i v a t i o n  a n a l y s i s  da ta  w i t h  t h i s  procedure and found the  agreement 
was w i t h i n  i 5% r e l a t i v e  e r r o r  ( 7 ) .  

E a r l i e r  work has shown 

Carbazole a c i d i c  hydrogen does n o t  r e a c t  under t h e  
Grea te r  than 95% o f  the  added ace ta te  

Table 2 and 3 show t h e  d i s t r i b u t i o n  o f  t o t a l  oxygen, pheno l i c  oxygen 
and o t h e r  oxygen r e p o r t e d  i n  m i l l i m o l e s  per gram o r  pe r  mole o f  sample. 
I n s i g h t  i s  ga ined about  t h e  s t r u c t u r e  by  comparison o f  t h e  concen t ra t i on  o f  
oxygen i n  seve ra l  ways. The t o t a l  oxygen c o n t e n t  expressed i n  m i l l i m o l e s  
p e r  gram i s  n e a r l y  cons tan t  w i t h  mo lecu la r  we igh t  f o r  a g i ven  l i q u e f a c t i o n  
tempera ture .  There i s  a smal l  i nc rease  i n  t o t a l  oxygen m i l l i m o l e s  per 
gram w i t h  dec reas ing  mo lecu la r  we iqh t  b u t  t h i s  exp la ined  by t h e  an i nc rease  
i n  pheno l i c  oxygen p e r  gram as t h e  mo lecu la r  we igh t  decreases. 
moles o f  phenol p e r  mole o f  l i g n i t e  p reaspha l tene i s  near 1 pheno l i c  s i t e  
p e r  average molecu le .  
a t  cons tan t  tempera ture  c o u l d  be due t o  a r e p e a t i n g  s t r u c t u r e  o f  a romat ic  
c e n t e r s  connected by  e t h e r  o r  f u r a n  l i n k a g e s  as shown i n  t h e  h y p o t h e t i c a l  
models i n  f i g u r e s  1-2 .  For t h e  l i q n i t e  preasphal tenes one f i n d s  the re  a r e  
8 -9 ,  20-23 and 16-23 aromat ic  carbon molecules Der o t h e r  oxvaen mole, f o r  
404, 460, and 480°C r e s p e c t i v e l y ,  as shown i n  t a b l e  2. Th is  i s  r e f l e c t e d  
i n  t h e  s t r u c t u r e s  drawn on f i g u r e  1 where benzene r i n g s  predominent f o r  
t h e  404°C m a t e r i a l .  As t h e  r e a c t i o n  temperature i s  r a i s e d  t h e  aromat ic  
c e n t e r s  beg in  t o  show more and more condensat ion  as i n  f i g u r e  2. 

The m i l l i -  

The cons tan t  c o n c e n t r a t i o n  o f  o t h e r  oxygen per gram 

' I  
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Carbon St ruc ture  

I 

Table 4 shows the values of f , the  f r ac t ion  of aromatic carbons,  and 
D, the  degree of condensation, ca l tu l a t ed  from modified Brown-Ladner 
equations : 

( 1 )  
C / H -  ( H n * / 2  + Ho*/2 + OH/2H) 

f a  = ( C / H  - 2 0 H / H )  

The term was OH/H i s  included i n  equation 1 t o  remove the  carbonyl carbon 
present because of the ace ty l a t ion .  

+ H;/2 + n [ O H / H ]  + OH/H ( 2 )  D =  

fa(C/H - 20H/H)  

Equation 2 assumes t h a t  a l l  the o the r  oxygen i s  present in the  polymeric 
molecules as  connecting furan l inkages (n=4) o r  e the r  l inkages (n=2) .  
This has not been proven in  t h i s  study. The development of a furan o r  
e t h e r  ana lys i s  technique i s  a major ob jec t ive  in our s tud ie s  and we add 
t h e  e the r  l inkages only t o  show the  importance of oxygen t o  the  preasph- 
a l t e n e  s t ruc tu re .  Figures 1 - 2  show the furan a n d  e the r  l inkages w i t h  the  
corresponding values of f and D a s  counted from the  hypothetical average 
molecule a n d  from equatiofls 1 and 2 using the N M R  data .  The ca lcu la ted  
values a re  i n  good agreement with t h e  model. The t rue  value of D depends 
upon the  co r rec t  assignment of n through a quan t i t a t ive  e the r  ana lys i s .  

Conipari son t o  Asphal t e s  

Table 5 shows the  oxygen d i s t r i b u t i o n  fo r  a s e r i e s  of asphaltene 
samples. 
tenes i s  o ther  oxygen concent ra t ion .  The phenol concentrations,  molec- 
u l a r  weights, a n d  f a  a r e  approximately equal.  

The main d i f f e rence  between the  preasphal tenes a n d  the asphal- 

Conclusions 

Gel permeation chromatography o f f e r s  the opportunity t o  observe 
sub t l e  changes i n  preasphaltene s t r u c t u r e  t h a t  would be ra ther  d i f f i c u l t  
t o  observe by another procedure. T h e  postulated aromatic core plus e the r  
l i n k s  polymer s t r u c t u r e  requi res  prec ise  information about the concen- 
t r a t i o n  of phenolic s i t e s  a s  they change with molecular weight. The type 
of preasphaltene s t r u c t u r e  suggested by t h i s  study would explain why pre- 
asphaltenes a r e  inso luble  in  benzene even t h r o u v h  t h e i r  a c i d i t i e s ,  basc- 
i t i e s  a n d  f r ac t ion  o f  aromatic carbons may be equal t o  those o f  asphal- 
tenes .  Their i n s o l u b i l i t i e s  r e s u l t s  from e the r  and  furan l inkages lock- 
ing the  aromatic systems i n t o  very r ig id  condensed molecules. 
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Table 1 .  Dis t r ibut ion o f  Nitrogen and Sulfur  

Sample 

Y-15-2 1.48 
(4OOOC) 1.30 

0.89 
0.85 
0.86 
0.89 

26-Y-7 1.90 
(460°C) 1.63 

1.37 
1.24 
1.14 
1.05 

26-Y-11 1.43 
(480°C) 1 .26  

1.27 
1.22 

Beulah 3 Ligni te  .80 

2.63 Tacoma 
2.32 
2.07 
1 .95  
2.15 
1.96 

b 

Indi anaC 2.22 
1.97 
2 . 1 1  
1 .85  
1.76 
1 .88 

Preasphaltene Samples 

“/O.,cLS MI1. 

0.52 582 
0.57 573 
0.48 373 
0.47 21 8 
0.45 21 9 
0.52 224 

0.51 568 
0.75 626 
0.54 429 
0.67 302 
0.49 240 
0.59 240 

0.46 1165 
0.47 831 
0.46 607 
0.64 463 

3.03 

- _ -  2400 
- _ _  1600 
- - -  1450 
- _ _  800 

800 
_--  655 

- - -  2300 
-_ -  1600 
- - -  1300 
--- 830 

81 0 
560 

_ _ _  

_ _ _  

_ _ _  
_ _ _  

a w t %  of recovered s t a r t i n g  material  

prepared a t  450”C, lOMPa H 2 ,  recycle  solvent  

prepared a t  441°C, 12MPa H2, recycle  solvent  

Wt, %a 

0.15 
0.26 
0.17 
0.07 
0.07 
0.07 

0.09 
0.23 
0.20 
0.14 
0.08 
0.07 

0.22 
0.31 
0.22 
0.09 

0.08 
0.24 
0.22 
0.17 
0.12 
0.08 

0.10 
0.22 
0.21 
0.17 
0.12 
0.07 
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OH 

'35. 21J25. 8("")I03. Z N O .  6'0.1 

f a  = 0.77 : 0.74(NMR) 

D = 0 . 9 3  ; 1. OZ(NMR, n = 4 )  , 0. 94(NMR, n = 2 )  
c1 = 2 . 0  ; 2 . 0  

Figure 1. Fraction one ,  404OC 

%8"17. X(ol- l )O.  7"1. 7N0.  4'0. 07 
fa = 0 . 8 6  ; 0.84(NMR) 

11 = 0.05 ; O.X6(NMR,n=4), 0 .73(NMR,n=2)  

c1 = 2 . 0  ; 1.8 

Figure  2.  V r a c t i o n  t h r e e ,  4GOoC 


